A light beam hitting the retina produces an excitatory process; however, around the edge of the light beam, sensory cells are inhibited and lose their sensitivity. This combination of stimulation and inhibition produces a discrepancy between the luminance pattern presented to the eye and the brightness pattern that is observed. The black and white Mach bands are the best known distortions of this type. It is this interaction that can produce a line that is physically not present in the stimulus, and is different from the usual lines we see.
Lines that do not change their width when observed under a magnifying glass are extremely rare. Nevertheless, they exist. They occur only under very special conditions of a stimulus where the interaction between the excitatory processes and the inhibitory processes is such that it produces an illusion. In this illusion the brightness pattern becomes different from the luminance pattern and, therefore, we see a brightness increase or decrease where in reality it is not present physically. This type of distortion was described about 100 years ago by Ernst Mach (1) .
The illusion is illustrated in Fig. 1 . On the left side we see a disc of about 27 cm in diameter that consists of a black star painted on a white sheet. The entire middle area of the star is black, but from the beginning of the arms of the star out to the edge of the disc, the amount of white area increases constantly. The peculiar feature of this disc is that the increase in the amount of white area shows a discontinuity at the sharp corner near the edge of the disc.
If we rotate the disc around the center with a speed higher than the flicker frequency of the star, then we see two black rings in the brightness distribution-a heavy one near the center and a much smaller one about one-third of the distance from the edge of the disc. It is surprising that for a continuous increase of the luminance from the center of the disc to the edge, we do not find a constant increase in brightness, but instead we see two black bands; that is, a brightness loss. Mach was of the opinion that this brightness loss is produced in the retina by interactions between neighboring parts of the nervous system. The black lines are called dark Mach bands. It is also possible to produce white Mach bands by other methods. 100 Years ago a large number of optical illusions were discovered. They still are described in present textbooks on psychology and vision. Peculiarly enough, the Mach bands seem to have been lost since they are seldom included. One of the reasons might be that the Mach type of illusion is an illusion in the brightness distribution, whereas the most common illusions consist of lines or patterns displaced in space. However, it has recently been found that it is precisely 885 this difference that makes Mach bands a very important feature for research on the nervous system. Ratliff (2) recently summarized our knowledge of this field.
If we look at the rotating disc shown in Fig. 1 , we immediately observe that the apparent width of the dark rings, for instance, the outer ring, becomes wider with increasing distance between the disc and the observer. This increase is very peculiar, since most objects either diminish in size or remain constant with increasing distance between the object and the observer. To investigate this situation, I asked observers to determine the width of the outer black Mach band of a rotating disc with a diameter of 27 cm and a speed above flicker frequency. The plots for two observers shown in the upper drawing of Fig. 2 clearly show that with increasing distance, the width of the Mach band also increases. The determination of the width of the Mach band is difficult because its edge is not sharply defined. Therefore, the observers were instructed to use the point where the slope of the brightness distribution was the steepest as the edge of the Mach band (Fig. 2, upper drawing) . In spite of all these difficulties, the agreement between different observers was quite surprising. The darkness of the Mach band did not change greatly with distance. These measurements are preliminary observations, with the main aim being to investigate the background of the phenomenon.
The apparent diameter of the disc was constant at different distances for the same observer; it is surprising how strong the size constancy is in an ordinary laboratory room, so that the diameter of the disc does not change with the distance. The upper drawing shows that the width of the Mach bands on a rotating disc of 27 cm in diameter, with a black star painted on it according to Fig. 1 , increases its width with increased distance from the observer. This is a quite unusual phenomenon, because most objects become smaller with increasing distance. The lower drawing indicates the size constancy phenomenon obtained in a normal laboratory room for the same two observers.
The brightness in the room was 300 mL and no precautions were taken to avoid size constancy.
The apparent width of the dark Mach bands depends on the distance from the observer of the rotating disc. If we make two discs exactly similar to those shown in Fig. 1 An afterimage is a process continuing on the retina for a time after the outside stimulus is stopped. It is well known that the size of the afterimage depends on the distance of the plane where we project it. This is called Emmert's law. If we produce an afterimage and then project it on a distant wall, the afterimage is much larger than if we project it on a piece of paper held in our hand. The measurements indicate that the size of the afterimage increases linearly with the distance of the projection surface. The width of the Mach band appears to be perceived in exactly the same way as the magnitude of an afterimage, since they are both processes of a very similar type generated in the retina and not by an outside stimulus.
THE WIDTH OF A DARK MACH BAND FOR DIFFERENT SLOPES
It is, in general, found that for luminances greater than 300 mL, the width of the dark band becomes smaller if the slope of the luminance change produced by the pattern becomes steeper. This also holds for the white Mach band, and it is best illustrated in Fig. 2 .13 of Ratliff's book (2) . I illustrate this in a sketch in Fig. 3 . On the left side, a dark line is represented across an equally illuminated white surface. On both edges of this dark line, we can see either an overshoot (white band) or an undershoot (a dark band). A dark line on a white plane is about the steepest slope we can obtain, and the question of how wide the AMach band is for such a slope is still uncertain, mainly because a slope can also be produced in the eye by optical distortions. If the lumniance pattern shows a discontinuity similar to that indicated on the right side of Fig. 3 , with a constant luminance on one side of the eye and a continuous increase on the other side, then the Mach band is much larger than the first case, as is indicated in the tilted shaded area (lower left of Fig. 3) . The difference in the width of the Mach bands produced by the vertical slope and the slope of about 300
is not as large as it is shown in the schematic drawing of Fig. 3 .
LINES THAT DO NOT INCREASE THEIR WIDTH UNDER A MAGNIFYING GLASS
Looking at the schematic drawings in Fig. 3 Fig. 4 . We might adjust the distance between a pair of black lines so that the band enclosed by the lines corresponds to the width of the black Mach bands. If we now increase the distance of the rotating disc from our eye, or a photograph of the disc, then the apparent width of the Mach band will increase, but the apparent distance between the black lines will decrease, since the space between the black lines has exactly the same brightness pattern as the surrounding luminance pattern has; therefore, the space follows the physical rule that with increasing distance the image on the retina becomes smaller. On the other hand, the Mach band will become larger because it is generated inside the retina and it is nonexistent in the stimulus pattern of Fig. 3 . This experiment seems to work very well; it is perhaps more surprising if we use a magnifying glass. Under a magnifying glass, we bring the distance of the image closer to our eye. This naturally will increase the width of the black lines and the distance between them as we observe the usual magnification. However, with a Mach band it is different, because when the distance of the band from the eye is decreased, the Mach band becomes smaller in width. Therefore, the magnifying glass will not increase the apparent width of the Mach band. This result can be seen in Fig. 4 by use of a magnifying glass of a commercial type, with a focal length of between 25 and 9 cm. In general, Mach bands are much more pronounced if there is less grain in the photograph. Therefore, on an original rotating disc, the effect is easier to observe than on a reproduced photograph.
CONCLUSION
Further experiments must be done to find out if there are conditions under which Mach bands may interfere with the interpretation of the actual luminance distribution on microscopic slides.
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